The advantages of OPV (organic photovoltaic) are low cost, little pollution and flexible. But challenge for OPV manufacture still is lacking of accurately performance measurement due to capacitance issue. Firstly, characterization of OPV requires considering the slowly temporal response due to capacitance effect, and the relative I-V (current-voltage) curves are strongly dependent on the voltage sweep direction, even for the sweep time only in few seconds or less. Secondly, the IPCE (incident photon-to-electron conversion efficiency) also shows the slowly temporal response due to capacitance effect and is dependent on the wavelength of the incident light. Furthermore, the related features for measuring I-V curves are more sensitive with temperature due to non-linear characteristics issue, but current IPCE spectra of OPV are similar to that happened in conventional crystalline Si or amorphous silicon devices. In this work, we developed a RTOSM (real-time one-sweep method) applied both in I-V and IPCE to analysis different electronic transport materials, and result showed this new approach proposed a good way to slow down testing time and having better accuracy for OPV measurement by eliminating acceptance effect instantly.
Introduction


The DSC (dye-sensitized solar cell) and OSCs (organic polymer solar cells) have been the targets of active research as candidates for next generation OPV (organic photovoltaic) devices. The present study investigates the issues required for the precise characterization of the performance of OPV. Firstly, the following technologies are necessary for the precision measurements of every kind of PV devices: maintaining and confirming the equipment such as the solar simulator, I-V (current-voltage) curve and IPCE (incident photon-to-electron conversion efficiency), etc.. Especially, the irradiance, uniformity, spectrum, and stability of the solar simulator should be carefully checked. Adjusting the irradiance of the solar simulator by the reference cell, which has the same spectral response as the sample. The spectral responses of the reference cell should be chosen to minimize the spectral mismatch error. In addition to the above basic techniques, understanding the device-dependent features such as the spectral response, linearity for bias light, stability, number of junctions and temporal response, etc. are important for characterizing their performance. It has been known that the performance measurement of the c-Si devices is very dependent on the sweep speed and direction of the I-V measurement, when the sweep speed is shorter than a certain threshold. The mechanism has been discussed related to the capacitance of those devices [1] [2] [3] . Typical threshold sweep speed was in the order of millisecond or less, for c-Si devices on the market of early 1990's. Recent organic and high-efficiency solar cells are expected to require much slower sweep D DAVID PUBLISHING
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We discuss the measurement and analysis of I-V and IPCE characteristics of OPV and discuss both the error sources in the measurements and the strategies to minimize their influence. A brief discussion of the history of photovoltaic efficiency measurements and procedures will be presented. These error sources include the sample area, spectral errors, temperature fluctuations, response time of I-V and IPCE, contacting, and degradation during testing. Information that can be extracted from measurement include Pmax, open-circuit voltage (Voc), short-circuit current (Isc), series and shunt resistance (Rs and Rsh), Fill-factor (FF.%), dark current, and photo-current. Furthermore, developed a RTOSM (real-time one-sweep method) applied both in I-V and IPCE to analysis different electronic transport materials, and result showed this new approach proposed a better way to saving testing time and having better accuracy for OPV measurement by eliminating acceptance effect instantly.
Experiments
Samples
Samples were arranged from Taiwanese companies, and major components need include Platinum-coated conducting glass, TiO 2 -dye electrode and counter electrode. The compositions of electrolyte solution are liquid and ionic.
Set-up Experiment Equipment for OPV
OPV, current best photoelectric conversion efficiency, although above to 11%, but its packaged as sandwich structure. However, in recent years, new materials, solar cells and modules have been newly designed device structures toward composite design, the material or component structure no longer belong single material, but also extends the problem in measuring efficiency. Compared with the general type of element except Si solar cell photo-current nonlinearities, but also for nonlinear temperature changes, such as Fig. 1 c-Si and the temperature trends OPV schematic diagram to learn from the incident light spectrum and in determining the irradiance, solar cell output performance of its operating temperature have a significant impact. c-Si with an efficiency increase linearly with temperature decrease, while OPV efficiency is indeed nonlinear changes. Similar too many other conventional PV devices, the Voc and Pmax decreased as the temperature increased. The temperature coefficient of Voc (about-0.1%/°C) of the present sample is very small compared to typical c-Si (around-0.3%/°C to -0.5%/°C). The temperature coefficient of Isc (slightly negative) is also different from many other c-Si devices (usually around +0.05%/°C to +0.1%/°C), although the detail of the Isc variation will require further confirmation.
Also, investigation on the variation of the quantum efficiency and spectral mismatch correction will be important. It is again noted that although these temperature-dependence and irradiance dependence were similar among the samples of the present study, they can be strongly dependent on the device design.
A longer illumination time is critical to test new material of solar cell devices, since the response time is significantly longer than the regular flash testing method of 10 milliseconds to 100 milliseconds. The Generally, the performance of solar cells is determined by analyzing I-V curves measured under simulated AM 1.5 G sun light. A high quality solar simulator is thus required for indoor measurement. The most common type of light source for solar simulators is the Xenon lamp that can provide illumination for the measurement of different sample areas with various light intensities and the simulated spectrum can nearly match the spectrum of sunlight from the visible to near IR range. However, there are some unfavorable sharp atomic transitional peaks around 450 nm and 650~850 nm in the spectrum of the commercial solar simulator. These peaks give high intensity light that can induce extra photocurrent in the evaluation of OPV. For example, the spectral response of a DSC with the N719 dye mainly covers the wavelength range of 300 nm to 750 nm and errors can be caused by the extra light peaks around 450~700 nm. In addition, the spectrum and light intensity of the lamp varies with its aging process. Therefore, it is often required to calibrate the solar simulator to minimize the mismatch of the spectra. Since the reference cell is important in the calibration of the solar simulator, it is required long-term stability for frequent calibrations. Until now, a DSC matching such requirements has rarely been found. Therefore, a c-Si reference cell with some filters which is long-term stability is generally used as an alternative. Table 1 shows as for instance, a KG-5 filter used during calibration would allow the reference cell to have a similar spectral response to a DSC with N719 dye. In addition, when test DSC with N749 dye, the solar simulator needs to be calibrated with a c-Si reference cell covered by the KG-3 filter. For DSC with other dyes, such as newly developed organic dyes with IPCE spectra in the range of 300 nm to 700 nm, narrower than that of N719, theoretically new corresponding reference cells are required for every specific test DSC. However, it is very hard to realize such strict conditions in practice. An effective solution is to use the existing reference cell of DSC sensitized with N719 for calibration because it can avoid the errors induced by the peaks over 750 nm. In the near future, if we could develop OPV with an IPCE extending further into infrared region, a careful selection of other suitable filters will be needed to adjust the IPCE spectra of the reference solar cells to match that of the test OPV in the calibration. The use of a light adjustment filter during calibration of the solar simulator is a necessary technique to ensure that the input light for testing is suitable for the tested solar cell, and thus reduce measurement errors [1, 2, 4] .
Because of multiple sources of error will cause the
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1062 efficiency of the overall measurement error, so we integrate existing measurement device characteristics related functions, such as the integrated I-V measurement wasperformed using a digital source meter in conditions of illumination (AM 1.5 G, 100 mW/cm 2 ; IPCE (PV Measurements, Inc.) measurement was performed using PV measurement with theisothermaltest platform, and with the software by home-made immediately removed due to capacitance effects caused efficiency measurement errors, and to achieve a measure reducing the measurement result due to degradation.
Test and Analysis
Testing Flow Chart
The measured performance of OPV is highly responsive to the external measurement conditions. A reliable evaluation report requires the measurement to be performed under proper conditions and the details of the measurement should be clearly described in the report. A list of proposals for the measurement of OPV is given below:
 Visual inspection For the purposes of design qualification and type approval, the following are considered to be major defects, Ex. Bubbles or delamination forming a continuous path between any part of the electrical circuit and the edge of the DSC, etc..  I-V and IPCE measurement system An AM 1.5 G solar light simulator should be calibrated by a reference cell, generally a filtered c-Si solar cell (show as Table 2 ), which has a similar IPCE spectrum compared to the test OPV. Then PV reference device shall either be spectrally matched to test specimen, or a spectral mismatch correction shall be performed in conformance with IEC 60904-7.
The temperature of reference device and the specimen shall be measured by temperature recorder with the accuracy of ±1 °C and repeatability of ±0.5 °C. If the temperature of reference device differs and more than 2 °C from the temperature at which it  Electrical signal connecting Voltages and currents shall be measured by using source meter with an accuracy of ±0.2% of the Voc and Isc, and using independent leads from the terminals of the specimen to keep them as short as possible. The measurement ranges of the data acquisition should be carefully chosen. If the test specimen is a packaged OPV, the two (or four) terminal wires connection should start at the cell bus bars. Connect checking by the Isc shall be measured, using a variable bias (preferably electronic) to offset the voltage drop across the external series resistance. Alternatively, Isc may be extrapolated from the I-V characteristic. The I-V curve is extrapolated to zero voltage provided that voltage drop is not higher than 3% of the device Voc and that there is a linear relationship between current and voltage.
 Sample precondition time To annealing stabilize the electrical characteristics of OPV by means of simulated solar irradiation approach 10 min to 30 min, some requirement is [6] (2) Calibr mismatch co
I-V Char
We follow capacitance effects. Therefore, the temporal stability of the output current should be measured at a fixed bias voltage as shown in Fig. 1 and Table 2 , in order to confirm the "true" Pmax of OPV, especially for samples which have strong dependence on the sweep direction.
IPCE Characteristics
The spectral response was investigated by the AC and DC modes at different bias light levels.
When the bias light is not applied, the quantum efficiency spectra measured by the AC mode showed strong dependence on the chopping frequency of the monochromatic light between 1. In the case of OPV with a non-linear relationship, such as DSC based on ionic liquids, the DC mode is suitable anymore. Therefore, we recommend that the IPCE spectrum should be measured in the DC mode or the AC mode at a frequency low enough for the illumination of simulated solar light.
Discussion
In this study, we used real-time removing Capacity Effect (RTOSM) in I-V and IPCE measurement [7] . It has been investigated that we get performance characterization of the OPV. Firstly, optical and electrical considerations such as adjusting the solar simulators are common to the performance measurements of any type solar cells including the OPV. Accurate then gradually decreased (Round dot), so call "Capacity Effect". We now consider appropriate conditions of I-V measurements for DSCs. True cell performance must be measured under conditions of equilibrium, in which the photocurrent is stable (Square dot). To satisfy these conditions, we read simultaneously multi-point forming step after taking the optimization stabilizing area as a point on the I-V curve. Characterization of the I-V curves and quantum efficiency of DSC further requires consideration on the very slow temporal response of the order of seconds or minutes, and the effect of bias light intensity. Fig. 7 shows the transient photocurrent of the DSC in the case of a forward scan, that is, stepwise voltage is positively applied. It was found that an overshot current could be observed immediately after an abrupt increase of voltage; although the temporal and spectral characteristics are dependent on the device design, the present results can be utilized for precisely characterizing the I-V curves and spectral responses of the DSC. From this study aims to address the emerging photovoltaic products with existing measurement errors, the current on the other hand, the characterization-related features for measuring the I-V curves and quantum efficiency spectra of OPV are rather similar to conventional crystalline Si or amorphous silicon devices. the analysis methods and the existing removal efficiency measurement error method is as Table 3 , from tables to learn about our approach to real-time completely removed, as Table 2 and from Fig. 4 have reached the proper effect.
Conclusions
However, an appropriate tracing and measurement both voltage and current simultaneously are useful in detecting problems from capacitance of solar cell. Generally, the real-time measurement shall have a shift in the shape of I-V curve, and led to output the wrong maximum power of solar cell. The decay of photocurrent exposed the worse condition of capacitance while peak power voltage is higher. In this work, RTOSM can remove the capacity effect in real-time for I-V and IPCE successfully. Result also demonstrated the influence from OPV capacitance during the measurement of I-V curves by using a steady-state simulator. RTOSM [8] certainly speeds up the characteristic research of OPV to get more reasonable result (Table 2 , Fig. 5 ). [7] . Table 3 Remove the capacitive effect of the measurement method comparison table.
Item
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